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Introductlont 

In  a  previous  publication  (!)»  we  have  shown  that  X-*irradla-> 
tlon  of  frog  sartorlus  muscle  fibers  produces  a  depolarization  whose 
magnitude  depends  on  the  sodium  and  potassium  Ion  concentrations  in 
the  bathing  fluid.  However,  the  fractional  depolarization  is  in¬ 
dependent  of  external  potassium  ion  concentration,  above  1  mM,  and 
proportional  to  the  external  sodium  ion  concentration,  ffe  concluded 
that  the  X-ray  induced  depolarization  Is  primarily  the  result  of  an 
increase  in  sodium  permeability,  with  no  Increase  in  potassium  per¬ 
meability.  Several  investigators  have  reported  a  relationship  be¬ 
tween  oalculated  alkali  cation  radius  and  rate  of  penetration  of 
non-lrradlated  muscle  fiber  membrane  (2,3)e  He  have  therefore 
studied  the  effects  produced  on  X-ray  induced  depolarization  of  frog 
sartorlus  fibers  by  adding  various  concentrations  of  cesium  ions  to 
the  bathing  solution  in  place  of  potassium  ions. 

Methods; 

Sartorlus  muscles  ranging  from  90  to  100  mg.  fresh  weight 
were  dissected  carefully  so  as  to  leave  the  lower  side  as  free  as 
possible  from  connective  tissue.  One  muscle  from  each  frog  was 
used  for  Irradiation,  one  as  a  control.  Ten  frogs  were  used  for  each 
solution.  The  muscles  were  moiuited  in  a  speolal  holder  at  120^ 
of  their  resting  length  by  a  micrometer  system.  Muscles  were  equili¬ 
brated  for  60  minutes  in  the  experimental  solution  prior  to  mloro- 
eleotrode  penetration.  The  volume  of  bathing  solution  used  at  each 
concentration  was  500  ml.  The  solution  was  not  "aerated"  with  the 
usual  02*’002  gas  mixture  in  order  to  minimize  meohanioal  damage  to 
the  surface  of  the  muscle  cells.  All  experiments  were  carried  out 
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at  25.0  t  0.5®0  and  pH  7.3. 

Membrane  potentials  were  measured  with  3  M  EOl-fllled  mloro> 
pipette  electrodes  having  resistances  between  10  and  12  megchms. 

The  electrical  measurements  were  made  with  ccnventlcnal  equipment 
for  this  work.  Only  potentials  that  developed  Instantaneously  with 
penetration  of  the  muscle  cell  by  the  mlcroeleotrode  were  recorded 
and  used  In  the  data.  Each  plotted  point  In  the  figures  represents 
an  average  of  potential  measurements  on  80  cells.  The  standard 
error  of  the  mean  Is  less  than  0.6  mV. 

Muscles  were  Irradiated  while  mounted  In  the  chamber  at 
6,000  r/mln,  to  a  total  dose  of  100  Kr  using  a  0.  E.  Mazltron  X~ray 
machine  at  300  EVP,  20  ma,  with  0.2  mm  A1  filter.  Blnger's  solution 
of  standard  composition  (2.5  mM  KOI,  1.89  mM  0a0l2>  112  mM  MaOl, 

2o5  mM  Va2HP0^,  0.5  mM  NaH2P0^)  was  modified  for  these  experiments 
by  replacing  the  potassium  chloride  by  cesium  chloride  over  a  range 
of  concentrations,  ranging  from  10  to  80  mM  Os. 

Results ; 

After  4r6  hours  of  soaking,  at  concentrations  of  OsOl  above 
10  mM,  a  high  rate  of  breakage  of  mlcroeleotrodes  and  unusual  diffi¬ 
culty  In  obtaining  resting  potential  measurements  were  encountered. 
At  80  mMOs,  It  Is  observed  that  a  significant  number  of  muscle  cells 
either  develop  no  membrane  potentials  or  very  low  potentials.  Spon¬ 
taneous  activity  was  frequently  observed  under  these  conditions. 

Such  effects  were  not  observed  In  the  corresponding  hlgh-potasslum 
solution  studied  In  our  previous  work  (1).  These  qualitative  obser¬ 
vations  cast  some  doubt  on  the  physiological  acceptlblllty  of  cesium 
as  a  ’’substitute"  for  potassium  Ions. 
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Sable  1  summarizes  the  results  obtained  in  10  mM  08«  at  two 
sodium  oonoentrationSf  normal  (112  mM  HaOl)  and  half  normal  (56  mM 
Ia01«  56  mM  choline  chloride).  The  average  resting  membrane  potenr 
tial  in  standaxd  Ringer's  solution  with  no  cesium  under  these  oon.* 
ditions  is  89  t  0.5  m7.  Table  1  therefore  Indicates  that  in  the 
absence  of  irradiatir/n»  10  mM  Os  (112  mM  Ha)  depolarizes  by  approzi* 
mately  17  mV  (membrane  potential;  72  mV),  but  the  degree  of  Os  de> 
polarization  deper.ds  on  the  external  sodium  concentration,  being 
29  mV  (membrane  potential:  61  mV)  in  56  mM  Ha.  Irradiation  produces 
an  additional  aepolarization.  The  fractional  depolarization  result-* 
ing  from  Irrailation  is  proportional  to  the  external  sodium  concen* 
tratlon  as  vas  observed  in  potassium  experiments  (1).  Thus  the  ratio 
of  control  to  irradiated  potentials  is  1.24  in  normal  sodium,  1.12- 
1.13  in  half  normal  sodium  (Table  1)  compared  to  1.25  and  1.13,  re¬ 
spectively,  found  in  10  mM  potassium  (Ref.  1,  Figure  2).  It  should 
bX^o  be  noted  in  Table  1  that  the  potentials  are  constant  with  time 
after  Irradiation  in  both  control  and  irradiated  muscles.  Table  II 
and  III  show  that  the  results  obtained  in  20,  50  and  80  mM  Os  are 
approximately  similar  to  those  in  10  mM  cesitm,  112  mM  Na.  The 
measured  potentials,  at  higher  concentrations  of  Cs  (see  Table  3) 
were  found  to  be  time-dependent. 

Discussion: 

These  results,  summarized  in  Table  4,  indicate  that  the  frao- 
tlozial  depolarization  produced  by  irradiation  is  Independent  of  ex¬ 
ternal  cesium  concentration,  and  dependent  on  external  sodium  con¬ 
centration.  ¥e  conclude,  Just  as  in  our  previous  work  (1),  that 
irradiation  depolarization  results  from  an  increment  of  sodium 
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permeability  which  le  constant  for  the  period  of  experlaantatlon 
and  Is  not  altered  by  the  presence  of  eztextml  10  mXOs  Ions  or  ex¬ 
ternal  potasslim  lone  (1).  Oonsequently*  these  results  also  demon¬ 
strate  that  the  potassium  and  cesium  permeabilities  are  not  changed 
by  Irradiation. 

The  Increase  In  oeslum  depolarization  with  decreasing  external 
sodium  concentration  (Table  1)  as  well  as  the  apparent  Independence 
of  cesium  and  Irradiation  In  producing  depolarization.  Indicate  that 
the  oeslum  depolarization  observed  In  control  fibers  Is  not  prlma:^lly 
due  to  an  Increase  In  sodium  permeability*  The  results  of  the  study 
of  Na-dependenoe  of  the  Os  depolarization  (In  20  mM  Os  external  con¬ 
centration)  are  summarized  In  figure  1*  The  stability  with  time  of 
the  lowered  potentials  over  the  range  from  10  to  20  mM  oeslum  concen¬ 
trations  even  after  Irradiation,  suggests  that  oeslum  has  not  inters 
fared  with  the  ability  of  the  sodium  extrusion  mechanisms  to  keep 
up  with  the  Increased  sodium  Influx  produced  by  irradiation*  The 
sodium-dependence  of  the  oeslum  depolarization  Is  In  sharp  contrast 
to  the  sodlumrlndependenoe  shown  by  the  depolarization  resulting 
from  increased  exterzial  potassium  In  the  absence  of  oeslum  (1).  It 
Is  clear  not  only  that  oeslum  and  potassium  are  not  Interchangeable 
so  far  as  the  membrane  Is  conoemed,  but  also  that  the  membrane  re¬ 
sponse  to  oeslum  Is  specifically  different  from  Its  response  to  po¬ 
tassium  Ions*  It  Is  known  that  the  latter  approaches  very  closely  a 
simple  potassium  concentration  oell*  The  results  reported  here  Indi¬ 
cate  that  the  oeslum  effect  oannot  be  so  simply  explained*  The 
direction  of  the  sodium  effect  suggests  a  specific  sodlum-oeslum 
interaction  In  the  membrane  mechanisms  In  such  a  way  that  sodium  Ions 
Interfere  with  the  permeation  of  cesium  Ions*  The  cells  become 
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progressively  depolarized  with  tine  by  80  mMOs;  this  decline  In  nen* 
brane  potential  Is  related  to  an  Increase  of  Os  uptake  and  to  a 
progressive  damage  at  the  cell  surface  and  Its  metabolism. 

Sinmnarv  and  Abstract: 

Cesium  Ions  In  the  bathing  fluid  produce  a  depolarization  of 
frog  sartorlus  muscle  fibers  Independent  of  the  depolarization  pro¬ 
duced  by  Irradiation.  !l!he  fractional  depolarization  produced  by 
X-rays  Is  independent  of  external  cesium  concentration.  Howevery 
the  fractional  depolarization  is  proportional  to  external  sodium 
concentration  and  Is  therefore  explained  as  the  result  of  an  Increased 
sodium  Ion  permeability.  Oeslum  depolarization  (20  mMCs)  In  non- 
Irradlated  fibers  Increases  with  decreasing  sodium  concentration. 
Indicating  a  specific  sodium-cesium  Interaction  In  the  membrane.  A 
simple  concentration-cell  potential  explanation  for  the  cesium  effects 
Is  not  yet  adequate. 
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figure  1. 


-  She  o^abrane  potential  obtained  In  20  aMOSt  at  5  aodlua 
oonbentratlpne  la  plotted  agalnet  tlae. 

A.  Vi  112  amra;  W:  97  aMNa;  Xt  83  aMNa;  U:  56  aMVa; 
and  Z:  31  aMHa. 

B.  Tbe  aeabrane  potential  obtained  In  20  aNOs  is  plotted 
against  the  external  oonoentratlon  of  Ha  ions. 
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